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Abstract
For the purpo3e to determine exactly what stage of cell specialization the DNA level of ery-
throid cell nuclei begins to decline, the author observed the DNA level of erythroblasts in mitosis
by microspectrophotometry and the DNA synthesis by flash labeling with H3-thymidine. The cell
samples were obtained from the bone marrow of normal, blood-depleted and phenylhydrazine-
treated animals, and the anemic animals received a mass red cell transfusion, all the animals being
injected with colchicine 4 hours before obtaining the bone marrow sample. DNA level was mea-
sured on the smeared cells stained by Feulgen reaction and DNA synthesis by autoradiography
on the smeared cells. Besides these, chromosome number was observed on the anemic rat ery-
throblasts at metaphase by air dry method. The observations indicated that the DNA level begins
to decrease at polychromatic stage being accompanied by a decrease in TDH3-incorporation into
DNA, reaching minimum level at orthochromatic cell both in DNA contents and synthesis. Chro-
mosome numbers of erythroblasts of rat were irregular being distri buted between 42 to 20. The
data have suggested that the DNA level of erythroblasts decreases only in the later stages of cell
specialization, and at polychromatic stage the chromosome number may also decrease in rabbit at
polychromatic stage by the cell division with an incomplete DNA replication. The high DNA level
of the erythroblasts of rabbit, in severe anemia where most of the cells are denucleated at poly-
chromatic and late basophilic stages, has been discussed from the view point of the insufficient
DNA replication at polychromatic stages.
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In the previous report (1) the author demonstrated that in rabbit
erythroblasts DNA level decreases with the advance of cell specialization,
as revealed by estimating Feulgen DNA per cell by microspectrophotometry
(2, 3, 4, 5, 6, 7, 8, 9). The decrease in the DNA level became distinct in
those of more mature cell, poly- and orthochromatic erythroblasts but it
was obscure from what stage of specialization the DNA level begins to
decline. WEICKER reported a gradual decrease in chromosome number of
erythroblast with the advance or cell specialization from the observation
on the erythroblasts of Chinese hamster (10). KONO also observed a decrease
in chromosome number of human erythroblasts (11). The decrease in
chromosome number may be in a close correlation with decrease in the
DNA content per cell of erythroblast and suggests the cell division with an
incomplete DNA replication which will result in the failure of duplication
of some chromosomes or the irregularity in chromosome. From such a
view point the author observed the Feulgen DNA of rabbit erythroblasts
at metaphase to observe when incomplete DNA synthesis begins. DNA
synthesis rate was also observed by autoradiography of the erythroblasts
flash-labeled with H3-thymidine in vitro. Changes in the chromosome num-
ber was observed on rat erythroblast. In this paper it is reported tha t the
DNA level of erythroblast declines only at later stages of specialization,
polychromatic and orthochromatic erythroblasts, with a decrease in DNA
synthesis rate at late basophilic stages and actually no DNA synthesis at
polychromatic stage. Chromosome number of rat erythroblast shows
irregular distribution from 2n to n.
MATERIALS AND METHODS
Twelve adult male rabbits weighing about 2.000 g and some young animals
about 800 g were used for the observation of DNA level and DNA synthesis rate
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of erythroblast. Besides these, several adult male rats weighing 150-200 g were
used for the observation of chromosome number of erythroblast. Among the 12
adult animals two were depleted of blood making them anemic and the other 10
animals were injected with phenylhydrazine inducing hemolytic anemia, and 8
of them were transfused with a mass of red cells bringing the momentary recovery
of anemia. Blood depletion was made by drawing blood from ear vein 15 to 20 ml
daily for successive days and on the tenth day the animals were sacrificed to
obtain bone marrow. At every blood drawing the depleted blood was immediately
returned to the animal subcutaneously to avoid the possible deficiency of protein,
iron and other components. Hemolytic anemia was induced by injecting neutra-
lized phenylhydrazine hydrochloride, subcutanoously, 0.5 ml of 2.5 % solution
per kg of body weight, daily for 3 days, and the bone marrow of hemolytic
anemia was obtained two days after the last injection of phenylhydrazine.
Red cell suspension for the transfusion was obtained from about 150 ml blood
from normal adult rabbit. The red cells were washed with saline for 3 times in
cold and suspended in saline of about 60 ml. The suspension was warmed at 37°C
and injected one animal from ear vein at a time. The bone marrow cells were
taken 24, 48, 72 hours after the blood transfusion. Young normal rabbits served
for the observation of the erythroblasts at mitosis obtained from non-anemic
individuals. To induce hemolytic anemia in rats, 5 ml of 2.5% phenylhydrazine-
HCI was injected per animal daily for 3 days. Bone marrow was obtained 2 days
after the last injection of phenylhydrazine. Each animal, both of rat and rabbit
recived colchicine injection subcutaneously, 1 mg per kg, 4 hours before sacrifice
by which the mitosis was stopped at metaphase. For the estimation of DNA per
cell, the fresh bone marrow was smeared and stained by Feulgen reaction by the
method reported in the previous paper (I). The DNA measurements were made
only on the erythroid cells at metaphase, selectively by microspectrophotometry
(MSP).
For the observation of DNA synthesis rate the crashed bone marrow was
incubated with H3-thymidine, 2!J.c per ml for 30 minutes at 37°C, smeared fixed
with methanol, mounted with Kodak striping film, exposed for 2 weeks, and
developed. After development the cells were stained with Giemsa stain, and
grain number per cell was counted on each cell (12). For the observation of the
chromosome number the air dry method was employed (13). Bone marrow pieces
were squashed adding a small amount of saline whose pH was regulated to 7.2
by phosphate buffer. The erythroid cell supension thus prepared was centrifuged
at 400 r. p. m. for 4 to 5 minutes at room temperature, the supernatant was
removed and the cell pellet was added with 2 to 3 ml hypotonic saline solution,
shaken to loosen the cells, recentrifuged, the supernatant decanted and added
with 5ml of Carnoy's fixative. Then the cells were resuspended by shaking and
left standing for 2 to 5 minutes.
This process was repeated two times. Finally the cells were suspended in the
fresh fixative, 0.2-0.5 ml; 1-2 droplets of the cell suspension was put on a
clear slide by Wintrobe pipette, and blown gently as soon as the cells attached to
the glass surface so as to spread the droplets and dry faster. The cells or chromo-
2
Acta Medica Okayama, Vol. 24 [1970], Iss. 2, Art. 2
http://escholarship.lib.okayama-u.ac.jp/amo/vol24/iss2/2
DNA Decrease of the Erythroblast
somes were stained by orcein for 40 minutes.
RESULTS
133
By colchicine treatment 4 hours before taking bone marrow samples, a
number of erythroblasts at metaphase appeared in the samples from non-
anemic young rabbit, blood depleted and phenylhydrazine injected adult
anemic rabbits. In the bone marrow smears taken 24 to 72 hours after
transfusion there appeared also many cells at mitosis. Feulgen DNA level
was measured by MSP on these erythroblasts at metaphase, selectively. The
result indicated that in all cases observed the DNA content per cell was
kept at n to 2n level in the cells of proerythroblast and early and late
basophilic stages, 13 to 9 11 in nuclear diameter (Figs. 1, 2, 3, 4, 5, 6). In
the later stages of cell specialization, poly- and orthochromatic stages, 5-
8ll. in nuclear diameter, the DNA contents decreased gradually reaching
t n level in normal hemopoiesis (Fig. 1). In anemic animals, however,
the DNA level at later stages was high even at the polychromatic and
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Fig. 2 Feulgen DNA level of metaphase erythroblasts from blood depleted
anemia rabbit bone marrow
orthochromatic stages in both blood depleted and hemolytic anemia (Figs.
2,3). Twenty-four to 72 hours after red cell transfusion the DNA level of the
erythroblast at later specialization stages again showed the normal pattern,
i. e. low DNA level of poly- and orthochromatic cells (Figs. 4, 5,6). In-
corporation of H}thymidine into DNA erythroblast appeared markedly in
the early specialization stages, pro- and early basophilic erythroblasts, both
hemolytic anemia and 25 hours after red cell transfusion but in later
stages of specialization, the cells less than 9/1. in nuclear diameter showed
a marked decrease of the grain number per cell (Figs. 7, 8). After the red
cell transfusion no marked change was observed in the grain number per
cell but the labeling index lowered after red cell transfuson. The maximal
grain number decreased markedly at polychromatic normoblast, 8-6/'.
in nuclear diameter and actually no grain at orthochromatic cells, nuclear
4
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Fig. 3 Feulgen DNA level of erythroblasts from rabbit of phenylhydrazine
anemia, Estimations were made on the cells at metaphase 4 hours after the
colchicine injection, 100 mg/kg.
diameter 5-4 ,fl., indicating an incomplete DNA replication at these stages.
Chromosome number of rat erythroblast had the peak at 42, but showed
a wide range of distribution from 46 to 20, which was hardly encountered
on the other somatic cells (Fig. 9). Data clearly indicate an unusual and
irregular decrease in chromosome number of erythroblast. But the decrease
in chromosome number seems to occur only at late basophilic and poly-
chromatic stages where the cell division ensues with the incomplete DNA
replication,
DISCUSSION
The data of the present observations have indicated clearly that DNA
level decreases at poly- and orthochromatic stages in non-anemic hemo-
poiesis. That is due to the cell division with an incomplete DNA replica-
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Fig. 4 Feulgen DNA level
of erythroblasts from animals of
phenylhydrazine anemia. The
cells were taken 24 hour after
the mass transfusion of red
cell suspension and 4 hours
after colchicine injection. The
estimations were made on the
nucleus at metaphase selective-
ly.
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Fig. 6 Feulgen DNA level
of erythroblasts from animals of
phenylhydrazine anemia. The
cells were taken 72 hours after
the mass transfusion of red cell
suspension and 4 hours after
colchicine injection. The estima.
tions were made on the nucleus
at mataphase selectively.
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tion of late basophilic. and polychromatic erythroblasts.
DNA synthesis rate, which is kept in normal range in the pro-
and early basophilic erythroblasts as in other somatic cells, decreased
markedly at late basophilic stage and minimized at polychromatic
stage. Such a cell division with the imcomplete DNA replication may
result in the failure of some chromosome duplication (14). In rabbit
the decrease in chromosome number of erythroblast has not yet been
observed, but it should also decrease in number in the advanced speciali-
zation stages as in human (11, 15) and Chinese hamster (10, 16). If the
decrease in chromosome number ensues in rabbit erythroblast, it is quite
probable that the insufficiency in DNA replication at polychromatic
stage, taking the values between nand 2n level at G2 phase, is respon.
sible for the irregular decrease of chromosome number showing a
variety in the number between n to 2n at polychromatic cell, and the
irregularity in the chromosome number ensues only in the cell division of
polychromatic stage. The fact that the DNA level of erythroblast from the
animals of severe anemia, where most cells are denucleated at polychro-
matic stage skipping the terminal cell division, did not show any remark.
able decrease even in the cells before denucleation, supports this view (17,
18). After red cell transfusion to the anemic animal the DNA level of
erythroblasts at later specialization stage declines again. After red cell
transfusion early denucleation is prompted in some cells as reported by
MATSUOKA (19) and TAKEBAYASHI (22) but some others seem to mature
through physiological course being denucleated at orthochromatic stage,
thus forming red cells of normal size.
SUMMARY
For the purpo3e to determine exactly what stage of cell specializa-
tion the DNA level of erythroid cell nuclei begins to decline, the author
observed the DNA level of erythroblasts in mitosis by microspectrophoto-
metry and the DNA synthesis by flash labeling with H3-thymidine. The
cell samples were obtained from the bone marrow of normal, blood-deple-
ted and phenylhydrazine-treated animals, and the anemic animals received
a mass red cell transfusion, all the animals being injected with colchicine 4
hours before obtaining the bone marrow sample. DNA level was measured
on the smeared cells stained by Feulgen reaction and DNA synthesis by
autoradiography on the smeared cells. Besides these, chromosome number
was observed on the anemic rat erythroblasts at metaphase by air dry
method. The observations indicated that the DNA level begins to decrease
9
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at polychromatic stage being accompanied by a decrease in TDH3-incorpo-
ration into DNA, reaching minimum level at orthochromatic cell both in
DNA contents and synthesis. Chromosome numbers of erythroblasts of rat
were irregular being distri buted between 42 to 20. The data have suggested
that the DNA level of erythroblasts decreases only in the later stages of cell
specialization, and at polychromatic stage the chromosome number may
also decrease in rabbit at polychromatic stage by the cell division with an
incomplete DNA replication. The high DNA level of the erythroblasts
of rabbit, in severe anemia where most of the cells are denucleated at
polychromatic and late basophilic stages, has been discussed from the view
point of the insufficient DNA replication at polychromatic stages.
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